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Optical Model

FDTD simulation
We used Lumerical FDTD solutions 8.15 to run the optical modeling. In the simulation, we created an FCC colloidal lattice with its plane (111) as X-Y plane and a plane wave light was injected down from Z direction, perpendicular to plane (111) . For the simulation in Fig. 1B , we compared theoretical reflectance spectra from core-shell and homogenous nanoparticles. The homogenous nanoparticles is the same size as core-shell nanoparticles with a RI of averaged RI value of core-shell nanoparticles based on the equation 2 2 2 homo ( ) core shell core core shell shell
We set the RI value of 1.74 for high RI material (identical to synthetic melanin, but without any absorption) and 1.45 for the low RI material (same with fused silica) in our calculations. The lattice has 30 periods along the X and Y directions and 12 periods along Z directions. We chose auto non-uniform mesh type with accuracy of 6 and a light source range of 400-800 nm (mesh size is around 8 nm). Both core and shell materials contained no absorption so that we could decouple optical response from the core-shell structures and absorption. When comparing simulation results with experimental reflectance of supraballs ( Fig. 3D ), we considered absorption from SMNPs core (19) . In this calculation, the Lumerical software used RI values from fitting of both the real part and imaginary part of RI values based on experimental data ( fig. S3A ). Based on our observation that only the top 5~10 layers of supraball contributes to the colors, we calculated only 6 layers along z directions. We chose auto non-uniform mesh type with accuracy of 5 and a light source of 200-800 nm (mesh size is around 5 nm).
Scattering theory
Because the supraballs made of mixed type 1 (160/36 nm) and type 2 (160/66 nm) CS-SMNPs are far from the ordered FCC packing ( Fig. 5C ), we can not simply regard them as photonic crystals.
To consider the disorder effect, we used the multiple scattering theory to explain the color shifting from blending two sizes of CS-SMNPs with different mass ratio (27, 28) . The multiple scattering theory of light can provide basic analytical methods to address light scattering problem in disordered photonic media. To predict the reflectance spectra profile analytically without resorting to time-consuming numerical simulations, here we define the parameter ( )
to present the diffuse reflectance of the supraballs, where 0 2 / t t k l l π λ = First, t l directly determines the diffuse reflectance of supraballs, which plays a key role in the production of structural colors. For the diffusive light transport without absorption, transmission is proportional to t l as ~t T l and thus reflectance increases when t l is reduced (27, 28) . When the optical absorption of CS-SMNPs is considered, the reflectance is still negatively related to t l , because smaller t l leads to a stronger multiple scattering effect (note t l doesn't rely on absorption), which is the only source of backscattering and thus diffuse reflectance (27, 28) . Secondly, there are significant interference effects when t l is comparable with the wavelength λ (~1 A ), which are also observed in the scenarios such as coherent backscattering (33) and Anderson localization (34).
Constructive interference effects lead to a reduction in diffusion constant D (i.e. coherent backscattering gives rise to a correction as 2 /D D A ∆ − ) (35) and thus an increase in reflectance, which can be also quantified by the parameter A . Therefore, we can use the parameter A to estimate spectral profile of diffuse reflectance. This parameter has also been used by F. Scheffold et al in predicting optical spectra of densely packed TiO 2 nanoparticles (36).
Since CS-SMNPs are densely packed in supraballs, the short-range order induced interference mechanism among binary CS-SMNPs in multiple scattering of light likely plays a key role in t l as well as the observed reflectance spectra (36-38). To support this argument, here we consider the short-range order induced interference effect in the multiple scattering using a theoretical model where two-particle correlation is taken into account (known as Born's approximation) (39). Then we compare this result with that from the independent scattering approximation (ISA) without consideration of the short-range order (27, 28, 35) . The theoretical model predicts the transport mean free path of light in supraballs as ( )
where ρ is the number density of particles. t σ is calculated in the following expression (39) 2 0 
f and 2 f are the volume fraction of type 1 and type 2 CS-SMNPs. core ε and shell ε are permittivity of core (synthetic melanin) and shell (silica). 1,core r and 1,total r are the core radius and total radius of type 1 CS-SMNPs, while 2 ,core r and 2,total r are the core radius and total radius of type 2 CS-SMNPs. x kr = is the size parameter for the core radius of type-j particle. In above equations, Equations (7-12) are also applicable for homogeneous spheres by setting ,total ,core j j r r = .
We calculated the A parameter for supraballs consisting of binary CS-SMNPs with different mass ratios. fig. S7A showed the normalized A for different mass ratios for 160/36 nm and 160/66 nm CS-SMNPs. A clear trend of blue-shift was observed when increasing the amount of 160/36 nm CS-SMNPs, which is consistent with the experimental observation.
As a comparison, we also calculated A without consideration of short-range order and interference effects ( fig. S7B) , where we set the partial structure factors 11 in the short-range-order case because using the effective index also takes partial interference effects into account (44). This approximation for calculating transport mean free path is called independent scattering approximation (ISA) (44) . No significant shift of peaks was observed by changing the composition of binary CS-SMNPs, which was invalid according to experimental results. This finding supports our conclusion that short-range order plays the crucial role in producing the blended colors of supraballs when mixing binary sizes of CS-SMNPs. 
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